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1. 


Development  of  F.T  Spectroscopy 


Allowing  feasibility  studies  in  the  winter  of  86/87  it  was  clear  that  it  was 
possible  to  record  first  class  F.T.  Raman  spectra  using  a  small  analytical 
grade  infrared  interferometer  modified  to~operate  in  the  near  infrared11,2. 
Perkin  Elmer  (UK)  Ltd  therefore  placed  a  basic  interferometer  at  Southampton 
in  August  1987  and  the  Southampton  group  embarked  on  a  development  programme 
to  produce  a  fully  operational  spectrometer  capable  of  running  in  the  open 
laboratory  on  a  routine_basis .  The  first  model  was  .shown  at  the  first  meeting 
dedicated  to  F.T.  Raman  spectrometry  held  at  Southampton  in  April  1988.  By 
laotember  1338  the  machine  was  ready  to  show  at  ar.  international  conference 
.  '  '.-uh-u:  nr.c  a  review  of  the  technique  had  appeared  . 

; ; r.:ir.  Timer  had  built  their  own  prototype  by  this  time  and  progress  on  this: 
ami  the  Southampton  machine  was  reported3,  whilst  the  details  of  the 
spectrometer  were  submitted  to  an  analytical  journal1,3  and  the  instrumental 
physics  elsewhere1,5. 

The  subject  as  a  whole  has  recently  been  reviewed1,7.  Several  other  reviews 
have  beer:  produced  by  the  Southampton  group  including  the  application  in  the 
Chemical  industry1-6  and  an  account  in  French1, ^  and  another  in  Spanish110. 


^B&eraPhT  ~ :  ’  s-  Development  of  F.T.  Ramin  Spectrometry  * 

Papers  actually  published: - 

1.1  S  F  Parker,  K  P  J  Williams,  P  J  Hendra  &  A  Turner.  J.App  Spect.  42  1988 

796. 


1.2  S  F  Parker,  K  P  J  Williams,  P  J  Hendra  &  A  Turner.  Microchim  Acta  11 
(198S)  23. 


1.3  D  J  Cutler,  P  J  Hendra,  H  M  Mould  &  R  A  S  Spragg  ICORS  1988  Proceedings 
P.952  Sec  19.14. 

1.4  P-*  Kar.dra  &  H  M  Mould,  International  Laboratory  34  Sept  (1588) 


.  "7  -'.'j  1  *"  “  V ■£ S S  !  - 

—  .  ^  .  .  — . — r a ,  . —  c.  .a  .-i  *_jiier.  ^  . ..atar.  Spec t  ,  _  9  S  9 ) 

l.c  G  Ellis,  ?  J  Her.dra,  G  M  Hodges,  T  Jawhari,  C  H  Jones,  P  Le  Barazer, 
C  ?  s_s  s  ingham ,  I  A  M  Royaud,  A  Sanchez  &  G  M  Warnes .  The  Analyst  (1989) 
1.7  P  J  Hendra,  U.S.  Naval  Reviews.  Submitted  May  1989. 

1.5  S  Church,  P  J  Stephenson.  P  J  Hendra  &  D  Bourgouis.  Analyst  (1989) 

1.9  M  Harmiet,  T  Jawhari  &  I  A  M  Royauld.  J  de  Chim  Phys.  (1989) 

1.1C  A  Sanchez  Blasquez.  Optica  Pura  y  Aplicada  (1989) 
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2.  Applications  of  F.T.  Raman  Spectroscopy  to  Chemistry 

2 . 1  Introduction 

The  Southampton  group  have  had  a  first  class  (probably  unequally 
so)  F.T.  Raman  instrument^available  since  January  1988.  The  group 
is  large  (currently  7  Physicists  and  12  Chemists)  and  all  to 
varying  degrees  are  involved  in  the  F.T.  Raman  programme.  As  a 
result  we  are  in  a  quite  unique  position  to  develop  application 
across  a  wide  range  of  chemistry.  We  have  involved  numerous 
collaborators,  several  of  which  have  either  started  to  support 
students  or  have  agreed  to  do  so  in  the  Fall.  It  is  amusing  for 
that  papers  are  still  appearing  describing  new 
instruments  and  offering  odd  spectra  proving  their  frequently 
abysmal  performance  [c.f  F  J  Purcell  Spectroscopy  Current  Edition 
b  2-- 33  (1989)]  while  we  left  this  stage  behind  months  ago  and  are 
developing  the  applications  and  have  been  doing  so  for  1-1/2 
years . 


The  survey  of  applications  is  very  abbreviated  due  to  lack  of 
space.  If  any  readers  would  appreciate  further  details,  we  would 
be  delighted  to  supply  them. 


Inorganic  Species  + 

Many  deeply  coloured  inorganic  materials  impossible  or  difficult 
to  study  by  conventional  methods  appear  to  be  easy  using  r.ir/F.T. 
retnods.  We'  have  had- conspicuous  success  with  a  range  of  tctroxy 
anions  including  KMr.04  -  a  novel  result*  x.  It  has  also  been 
possible  to  show  that  the  literature  is  in  some  disarray  over  the 
.  iolv  picull"  interesting  complex  Ni  Dirrethvi  Glvoxiinc .  This 


material  contains  a  very  strong  hydrogen  bond  (possibly  a 
symmetrical  0--H*--0  moety).  The  resource  Raman  spectrum  has  been 
recorded  previously  and  assigned  on  the  basis  that  it  is  a 
resonance  enhanced  spectrum.  We  have  shown  this  is  not  the  case 
and  are  very  unhappy  about  the  assignment  of  vibrational  bands  to 
the  vibrations  o*f.  the  OHO  group.  The  work  nears  completion. 


Va  have  examined  a  range  of  tellurium  organometallics  and  their 
complexes.  The  high  quality  of- the  data  has  enabled  us  to  clear 
up  an  anomaly  in  the  literature  where  it  is  suggested  that  R2Te 
might  be  linear.  It  is  not,  and  the  work  is  being  prepared  for 
publication. 


Many  other  inorganic  components  have  been  examined  with  the 
conclusion  that  the  method  is  a  little  suspect  for  transition 
element  chemistry.  High  oxidation  states  of  Mo,  Vlv,  MnVI ,  Curl, 
Jerrr  and  several  others  have  been  identified  as  problematic 
since  absorption  of  the  laser  occurs.  Clearly  this  problem  needs 
further  clarification. 

Collaborators  -  Universities  of  South  Africa  (Pretoria)  and  Reading  (UK)  , 
Departments  of  Chemistry. 


’•’"HI 


A  huge  number  of  specimens  have  been  examined  under  this  heading 
and  numerous  papers  are  either  in  press  or  publication.  Completed 
work  includes  - 

Crystallinity  determinations  in  polyether  ketone  and  polyether 
ether  ketones.  We  are  reporting  some  success  in  horaopolymer  and 
glass  fibre  filled  composites2,4.  The  analysis  of  Aryl  ether 
sulphone/ether  ether  sulphone  copolymers  is  regarded  as  difficult 
but  is  facile  using  F.T.  Raman  techniques2,3. 

.v-i - -  . .  ••••--  let  tricing  ir.  sen:  detail  the  Raman  ar.d 

_r.fr area,  spectra  of  single  number  nylons2,13. 

Partial  analyses  of  the  spectra  of  polyphenylene  sulphide1,10  and 
modified  P.P.O.1,10  are  in  preparation  for  publication  or  in  press 
whilst  work  on  liquid  crystal  polymers  is  in  hand.  In  these, 
spectral  charges  through  and  above  the  melting  point  are  of 
interest. 

Several  fibre  systems  have  been  studied  including  acrylonitrile 
copolymers.  It  has  been  possible  to  examine  the  undyed  fibre,  the 
dyed  one  and  subtract  out  the  features  due  to  the  dye.  Shifts  due 
to  dye  /polymer  surface  or  bulk  interactions  are  of  interest.  A 
preliminary  report  has  been  made13.  Other  fibres  are  also 
accessible  including  natural,  bleached  and  dyed  cotton. 


A  highly  important  par:  c f  the  Polymer  Industry  is  the  manufacture 
rf  t-'-ir.t  .  7k.  „tuuy  ck.  mechanism  of  'curing'  processes  ic 
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normally  carried  out  using  Infrared  measurements  on  varnishes. 
Pigments  cause  severe  scattering  problems  spoiling  the  infrared 
spectra  thus  the  use  of  varnishes,  yet  it  is  known  that  the 
pigments  play  a  vital  role  in  accelerating  and/or  altering  curing 
reactions.  We  have  been  able  to  record  superb  spectra  on  several 
paint  systems  involving  alkyd  resins  and  are  in  process  of 
investigating  the  kinetics  of  curing.  A  preliminary  publication 
is  ready  for  submission. 

The  curing  of  other  bulk  polymer  systems  such  as  epoxy  resins  is 
also  facile  using  F.T.  Raman  measurements  and  some  results  have 
loor.  included  in  talks  giver,  recently. 

orators  ICI  Petrochemicals  &  Polymers  Div  (Wilton  UK)  ICI 

Paints  Div.  (Slough  UK)  &  Courtaulds  Pic  (Coventry  UK) 
Drugs  and  Explosives  + 

Working  with  the  Hampshire  County  Constabulary  and  assisted  by  the 
Home  Office  Forensic  Science  Lab  Aldermaston  we  have  been  able  to 
show  that  F.T.  Raman  methods  enable  us  to  identify  dangerous  drugs 
including  heroine,  cocaine,  amphetamines  and  morphine.  The 
experimental  arrangements  are  most  attractive  to  the  Police 
because  no  scientific  skill  is  required  in  loading  the  sample 
cavity  and  placing  it  in  the  instrument.  Further,  software  helps 
the  diagnosis  so  the  method  can  be  applicable  in  operational 
police  work  not  only  as  a  Court  acceptable  Forensic  tool.  The 
Police  cell  us  that  this 'facility- cpens  up  ~a  whole  new  vista  for 
then  and.  considerable  interest  is  being  generated2,6. 

i  m  i  1 v  oc--vr.Ts  ran  he  -  ado  regarding  explosives. 


We  have  been 


r 


able  to  record  superb  spectra  of  all  the  significant'  explosives 
as  pure  compounds ,  mixtures/blends  except  for  the  dark  coloured 
propellants.  Ue  are  told  by  the  Ministry  of  Defence  with  whom  we 
are  collaborating  that  coupled  with  their  existing  identification 
methods  F.T.  Raman  is  likely  to  be  invaluable  in  diagnosis.  The 
current  methods  involve  solution/extraction,  separation  and 
chromotograhic  analysis  and  are  very  slow.  F.T.  Raman  can  either 
provide  results  on  'as  supplied'  specimens  or  on  separated  or 
extracted  materials.  One  of  the  outstanding  features  of  this  work 
is  that  we  have  been  able  to  study  minute  samples  (dovr.  to  -  5 


Sc.:;  -f  the  completed  work  in  this  continuin'  prep  nature  is 

p.'can*’  ' 

Collaborators  Hampshire  County  Constabulary  (Winchester  UK)  &  the 
Royal  Military  College  of  Science  (S'nrivenhan  UK). 

2 . 5  Surfaces  Surface  Enhanced  Raman  Spectroscopy  fSERS) 

One  of  our  early  successes  was  the  demonstration  of  SERS  spectra. 
In  fact  it  was  this  success  that  enabled  us  in  March  1988  to 
obtain  from  the  Science  and  Engineering  Research  Council  Funds  to 
reveler  a  second  F.T.  Raman  instrument.  Cur  original  work  centred 
:r.  the  familiar  Pyridene:  Ag,  Cu  ar.d  Au  systems  and  has  been 
published--2.  Cf  particular  interest  is  tr.ee  the  'white' 
rTckrreunc  famili-t  in  ail— SIRS  sc-«4i-es  is  .rr.-trkabl^_£tronr.  ir. 
:  e  n.-.-.r  infrared,  the  Surface  Enhancement  is  .  r expee :  -  dl-- 
• 1 -  ui:"'  ..-.I  -hat  .p.ctr.i  are  recorded  se  .  iiy  t  tick!  • 


trhat  -  detailed  . chemical  work  is  now  possible.'  Studies  ■  on  the 
equilibria  at  electrochemical  surfaces  have  become  possible  since 
secs  of  spectra  over  wide  ranges  of  pH,  electrolyte  cone,  or 
temperat vre  are  facile.  A  detailed  programme  in  this  area  is  in 
pr~  — :-ss.  In  addition,  a  programme  on  the  Ferri/Ferro 
cyanide/gold  system  is  awaiting  publication28,  whilst  others  on 
Au/CNS"  and  Cu/poJ.yethylene  glycol  will  be  complete  and 
publishable  in  the  Autumn.  In  all  cases  superbly  detailed  spectra 
at  various  potentials  and  electrolyte  concentrations  have  enabled 
us  to  give  a  detailed  insight  into  the  reactions  occurring  at  the 
■:  :  ::"3 da  ^electrolyte  interfaces  . 


,r  the  late  sixties  we  showed  that  Raman  spectra  could  be  recorded 
or  some  catalyst  systems  and  that  the  adsorbed  organic  molecules 
co -la  be  readily  observed  as  they  sorbed  and  reacted.  The 
technique  did  not  however  develop  because  in  chemically  useful 
s  .  stems  (e.g.  cracking  catalysts)  fluorescence  made  measurement 
iroossible.  By  1975  the  technique  had  been  rejected  almost 
everywhere  when  it  was  realised  that  all  efforts  to  reduce 
fluorescence  had  in  effect  failed. 

V;  have  re  *  investigated  this  area  anda  as  we  expected  to  do,  have 
er.ovr.  considerable  progress.  The  area  in  which  we  have 
: r.oer.tratei  involves  the  zeolites.  We  have  sorbed  pyridine  tc 
rsree  of  zeolites  (acidic  and  sodium  treated)  and  made  assavs 

tf  —  surfrrr — r.ctivtty—  We  -have  then extended  our  work  to 

.  -  -  - .  the  di  - ‘  uzsinate i  materials  and  have  examined  samnicr. 


exposed  to  pyridine  at  high  temperatures.  Current  methods  of 
assaying  zeolites  involve  the  use  of  infrared  methods  and  are  far 
from  satisfactory.  Our  collaborators  describe  the  new  F.T.  method 
as  outstanding  -  the  first  really  useful  technique  for  doing  this 
vital  job.  A  Yiote  on  this  subject  has  been  submitted  for 
publication2-9,  whilst  a  full  paper  is  in  preparation.  The  work, 
of  course,  continues. 

Zeolitic  catalysts  are  tonnage  materials  in  the  chemical  industry 

:.r J.  are  used  in  a  v.-idt-  rente  cf  reactions.  We  have  started  work 


.  : ir.tov.-it  '..ecu-  .a  to  test  the  feasibility  of 

following  this  type  of  reaction  using  F.T.  Raman  methods  and  then 
to  explore  mechanisms,  types  of  acid  sites  involved  and  the  role 
of  temperature. 

ators  Crossfield  Chemicals  Ltd  (Warrington  UK)  and  University  of 
Reading  (UK) 

Elastomers  + 

Progress  in  this  area  has  been  so  rapid  that  we  have  deliberately 
separated  it  from  "polymers" .  Superb  analytical  data  is  now 
available  on  acrylonitrile  butadiene  copolymers,  butadiene  styrene 
c:?ol\— ers  -  there  is  no  doubt  that  as  an  analytical  procedure  the 
r.::hod  will  prove  valuable  in  assaying  cis:  vinyl  and  A:B 

:  tol\— er  concentrations-  ' .  Crosslinking  reactions  and  the 
—  z :  r.'.an-inno  and  kirrrtics  thereof  is~still  of -cons ider able  relevance 
o*  •  significance  to  t!u  rubber  industry.  We  have  recorded 
■  :ifie  result::  or.  .  var{  rv  of  sulphur  vulcanization  reaction 
•.-.v.  -  o:  .  .,:u:.il  ruche  a  no.  other  elastomers.  We  see  'new' 
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an  extended  programme  in  this  area.  A  preliminary  report  has  been 
submitted  for  publication2-10  and  another  will  follow  surveying 
progress  in  this  field  in  September.  _____ 

When  crosslinked  elastomers  are  extended,  orientation  and 
crystallization  occurs.  The  experiment  can  very  conveniently  be 
carried  out  in  the  sample  area  of  the  F.T.  instrument  and  has 
yielded  some  superb  data.  Vs  clearly  see  the  appearance  of  bands 
; -  the  spectrum,  at  high  strains  originating  in.  oriented 
■  . ir.e  material.  We  are  now  involved  in  assaying  the  bands, 
-r.g  temperature  effects  and  the  interconnection  with  X-ray 
ista.  A  publication  is  about  to  be  submitted, 
it  Had  craters  Malaysian  Rubber  Producers  Research  Association 

(Hertford  UK) 

1.7  Raman  Intensities 

Due  to  the  coaxial  nature  of  the  sample  area  developed  at 
Southampton,  intensities  of  Raman  scatter  are  very  reproducible. 
This  observation  has  been  exploited,  corrections  made  for 
instrument  sensitivity  across  the  spectral  range  and  adsorption 
::  the  Raman  scatter  by  the  sample  producing  spectra  against  a 
tsaningful  intensity  scale.  Wp  have  suggested  that  in  future  all 
liquid  phase  results  should  be  acceptable  for  publication  only  if 
the  intensity  scale  is" understandable  and  reproducible211.  Our 
urn  and  reasoning  is  being  prepared  for  rapid  publication. 

'  -  writing  development  raises  the  possibility  that 


in  future. 


-  - -  — - - ■■aurwa.rft  ■?.-.-  _ ; _ 


a  Raman  "equivalent"  to  the  extinction  coefficient  will  be 
available  to  all  consultors  of  the  literature  or  spectra 
collections  with  enormous  -  benefit  to  industrial  and  other 
analysts.  —  .  _ 

Alosvstenis  + 

A  vast  range  of  biologically  derived  molecules  have  been  studied  including 
foodstuffs,  er. cymes ,  carbohydrates,  polypeptides,  wood  and  natural  fibres. 
It  the  solid  phase  good  spectroscopic  results  are  usually  produced  but  in 
-.rusous  solution  the  outcome  is  disappointing.  Some  spectra  can  be  obtained 
only  at  concentration  of  little  interest  to  the  biochemical  fraternity. 

.  . . :  -r.  -retires  have  been  prepared  for  publication2’*2  and  a 

—  lettior.  of  results  is  in  preparation  for  inclusion  in  a  special  edition  of 
fractrochicica  A.cta  to  be  devoted  to  F.T.  Raman  spectroscopy  and  its 
177  locations. 

diomedical  samples  such  as  drugs  ( indome thicin  for  example)  are  more 
promising.  »e  have  accumulated  detailed  spectra  showing  spectral 
characteristics  indicative  of  conformation  in  drugs  sorbed  into  lattices  e.g. 
cyclodextrin  which  are  sure  to  be  of  value.  This  work  has  been  written  up  and 
about  :c  be  submitted  for  publication. 

h..-;:::::r-  drivers ity  of  Nottingham,  Department  of  Pharmacological 


2,2  A  Crookell,  M  Fleischmann,  M  Harriet  and  P  J  Hendra.  Chem 
Phys  Letts  14£  123-127  (1988) 


271'  J  M  Chalmers,  J  G  Eaves,  J  Howard,  A  Sanchez  Blasquez  &  P 
J  Hendra.  Proceedings  ICORS  London  Sept  88,  19,15  p965, 6 


Papers  in  Press 

2.4  K  Kruger,  A  Sanchez  Blasquez,  P  J  Hendra  &  H  A  Willis, 
Polymer  (1989) 

2.5  I  AH  Royauld,  P  J  Hendra,  H  A  Willis  &  W  Maddams.  J.  Raman 
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During  the  grant  period  we  have  finished  several  programmes  of 

polymer  research  whilst  others  are  approaching  completion.  Thus:  - 

(a)  An  investigation  into  the  structural  changes  that  occur 
below  the  M.Pt.34  and  the  multiple  endotherm  peaks  typical 
of  isotactic  polypropylene  has  shown  that  the  situation  is 
far  simpler  than  suspected.  Only  one  phase  is  involved,  the 
multiple  peaks  arising  from  continuous  annealing  near  the 
melting  point.  This  work  is  in  press  3,s.  P.E.E.K.  behaves 
*-T!  2.  3  *  — 1  "*  .  H'*'  is  J  3 1  n  ^  ir*  V'2  C  tl  i  ^  d  zLtt^ 

_  :  A  study  of  the  paraffins  below  C36  near  their  malting  points 

has  yielded  evidence  for  the  conversion  to  a  one  chain/unit 
cell  morphology.  Further,  the  melt  crystallized  and 
solution  crystallized  materials  differ.  This  work  is  being 
prepared  for  publication.  This  work  has  relevance  to  the 
'freezing'  of  diesel  "fuel. 

a'  A  study  has  been  initiated  into  the  processes  that  occur 
during  welding  of  polymers  and  the  reasons  behind  their 
mechanical  weakness.  The  weakness  is  related  to  poor  nixing 
and  are  lack  of  longitudinal  motion  in  the  polymer  chains. 
This  work  is  ready  for  submission  as  a  preliminary  note. 

_ 1  ~~A  r; -  appraisal  ~ha"s  beeh~  "made  of  the  well  known  and 

transition  in  low  crystallinity  polyethylenes  near  - 1  ?  °C . 
Ve  it  is  in  fact  a  first  order  transition  and  that  it 

is  ct-sed  by  the  crystallization  (or  the  '..-cal 


ordering)  of  pares.- of  the: disorrdad  phase.  Again  this  work 
is  about  ready  for  submission. 

Over  the  last  four  years  an  extended  programme  has  been 
continuing  at  Southampton  involving  research  into  the 
structure  of  flowing  melts.  We  have  convincing  data  from 
i.r.,  Raman  and  X.R.D.  to  show  that  orientation  is  minimal 
even  when  die  swell  is  pronounced.  The  work  is  now 
collected  and  ready  for  submission  (only  parts  have  been 
published  to  date) .  When  crosslinked  polyethylene  rubber 
^i.e.  Polyethelene  crosslinked  with  dicur.yl  peroxide  ar.d 

_ _.'.t-i..t-  ioove  rts  .Pelting  Point)  is  examined,  like  a 

flowing  melt,  which  in  some  respects  it  models,  it  shows 
little  or  no  orientation.  On  cooling  whilst  elongated, 
oriented  crystallization  occurs  due  to  oriented  nucleation. 
The  orientation  of  the  solid  does  not  imply  orientation  in 
the  rubber  (or  melt,  of  course).  This  work  has 
been  submitted3  7 . 

As  part  of  our  investigation  into  heat  treatments  and  the 
molecular  processes  that  occur  therein,  we  have  been 
examining  the  state  of  the  disordered  material  in  ultra 
highly  cold  drawn  polyethylenes .  This  phase  behaves  very 
peculiarly  and  it  is  heated  and  does  so  irreversibly.  This 


,-_r.  extended  study  has  been  made  on  the  mechanism  at  the 
me lecu l.-.r  level  of  plastic  deformation  of  scmicrystall ine 


polymers.  The  reporc  has  appeared3-1. 


(h)  The  morphology  and  its  relationship  to  the  branch  content 
in  L.L.D.P.Es  has  been  reported3-,2  and  the  morphology  of 
linear  polyethylene  crosslinked  in  their  melts  has  also  been 
appraised3-3.  The  result  of  these  reports  is  to  contribute 
to  our  knowledge  of  the  structure  of  melt  crystallized 
polymers . 
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Electrochemical  Research  , 

4 . 1  Introduction 

The  programme  of  research  on  Electrochemical  processes  continues 
both  at  Southampton  and  also  in  liaison  with  the  University  of 
Utah.  In  addition  to  students  working  at  Southampton  several 
visitors  have  joined  the  group  for  extended  periods  increasing  the 
output  of  work.  Research  success  has  been  achieved  in  several 
areas  including  X-ray  diffraction  of  electrode  electrolyte 
interfaces,  micro  and  ultramicro  electrode  processes  and  S.E.R.S. 


..  rev  lev  of  ir.  .- .  tu  measurements  in  electrochemical  systems 
has  been  presented  at  one  of  the  Welch  Meetings  held  in  Houstcfn, 
Texas  (1987)4'*  whilst  another  on  processes  in  small  systems  has 
been  presented  at  one  of  the  Surface  Science  Meetings  held  on 
Campobello  Island,  New  Brunswick  and  is  to  be  published  by 
Springer  Verlag. 

One  cf  the  principal  investigators  (Prof  M  Fleischmann)  has 
recently  been  honoured*  for  his  work  on  in  situ  techniques  and 
particularly  the  development  of  the  SERS  process  and  of  X-ray 
diffraction  from  electrode  surfaces;  much  of  the  work  mentioned 
ir.  the  citations  was  funded  by  O.N.R. 

Award  of  the  Palladium -Medal  -of—  the  American  Electrochemical 
Scci.ry.  Elected  t:  the  Royal  Society ,  3rttrto— Brever-Medal  of  the 
.Australian  chemical  Society. 


Further  plenary  papers  on  electrochemical  processes,  at  the 
molecular  level  have  been  presented  at  the  Electrochemistry 
Conference  of  the  Royal  Australian  Chemical  Society  (February 
1983) ,  held  in  Sydney  and  at  the  39th  Meeting  of  the  International 
Society  for  Electrochemistry  held  in  Glasgow  in  September'1988 . 

X-Rav  Diffraction  at  the  electrode-electrolyte  interface 
Progress  in  this  experimentally  difficult  area  has  -been 
sigr.if icant .  The  technique  is  fairly  well  developed  and  the 

applications  are  now  of  prime  interest.  Thus,  studies  have  been 
competed  at  the  surfaces  of  platinum  electrodes  over  a  range  of 
-'tter.cicls .  the  differences  in  the  cirfractograms  at  two 
perennials  being  compared,  over  long  data  accumulation  periods'  " 
The  technique  has  also  been  applied  to  the  under  potential 
deposition  of  thallium  onto  silver  and  gold  electrodes  4  ■ 5  and 
the  effect  of  weakly  adsorbed  hydrogen  on  the  surface  structure 
of  platinum  electrodes*-6. 


In  principle  one  does  not  need  to  confine  oneself  to  metal 
electrodes  in  this  type  of  study.  Recently  X-ray  transmission  and 
reflection  diffractograms  have  been  recorded  off  polyaniline 
electrodes  in  several  electrolytes4-7.  This  work  opens  up  several 
new  avenues  of  research  particularly  ir.  view  of  the  increasing 
interest  in  electrically  conducting  polymers . 
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covered  in  section  2,5) . :  ‘  Working  with  saooth  silver  electrodes 
Fleischaarm  and  Tian  Induced  SERS  by  depositing  Nickel  and  Cobalt 
layers4-®  whilst  the  same  authors  explored  the  effect  of 
underpotential  and  overpotential  deposition  of  lead  and  thallium 
on  the  underlying  silver  electrode  using  the  SERS  method4-9,10. 
The  possibility  of  obtaining  SERS  from  iron  electrodes  has  also 
been  investigated.  A  theoretical  analysis  of  the  Ferri/Ferro 
cynanide  system  at  electrode  surfaces  has  also  appeared411 -of 
relevance  to  the  new- experimental  work  described  in  section  2.5., 

I r.  713.7."  cases,  the  use  of  a  wide  range  of  laser  wavelengths  is 

.-3.'.-"  -ar. 37 to lull  arc.  our  ability  to  cover  the  range  -ICC rot  -*  1  ,.r. 
is  particularly  valuable. 

Microelectrodes 

Very  rapid  progress  has  taken  place  in  this  field  and  a  large 
amount  of  vork  has  been  published  as  follows: 

Toltanetric  methods  have  been  applied  in  low  conductivity 
electrolytes  by  using  the  unique  potential  gradients  typical  of 
ticrcaiectrodes412.  Work  on  the  lead- acid  battery  has  been 
continued  by  using  mercury  ultramicroelectrodes  to  determine  Pb2+ 
concentrations413  and  progress  has  been  reviewed414.  Most 
recently  the  nucleation  of  «  Pb02  on  carbon  microelectrodes  has 
teer.  investigated  ar  the  molecular  leve-14-15.  — 


value  of  microelectrodes  as  sensors  and  detectors  has  been 


explored*’13- and*  the7  details  of  the  mercury-  ultramicroelectrode 
investigated  in  detail4’17.  The  authors  have  pointed  out  that 
measurements  on  the  properties  of  the  double  layer  with  particular 
reference  to  its  structure  and  on  coupled  chemical  reactions  are 
in  prospect  using  the  ultramicroelectrode.  ~~  ~ 

Several  other  systems  have  been  studied  including  the  Cu2VCu+/Cu 
equilibrium*18  and  the  material  is  in  press  whilst  Fleischmann 
-and  Pons-have  reported  on  the  A.C.  impedence_of  microelectrodes 
relating  the  diffusional  ircpedence  of  micro  discs,  rings,  spheres 
ana  ovlir.der  electrodes  to  that  of  planar  systems*-19,20,30,3* . 

...  a  series  of  papers  Fleischmann,  Pons  et  ai  have  described  work 
on  microdisc  and  microring  electrodes  including  experiments  and 
analyses  in  the  steady  state,*  21,22  and  in  the  unsteady  state  for 
chronopotentiometry*21,23,2* .  Chronoamperometry*-21,25,26,  linear 
sweep  amperome try*- 21,24  and  coupled  chemical  reactions  in  solution 
*  2:’27.  A  further  series  of  papers  giving  more  exact  methods  of 
analysis  of  these  topics  is  in  course  of 
publication*-29,29,30,31,32. 

Miscellaneous  Electrochemical  Results 

Several  other  fields  have  been  investigated  and  reports  made 
including  an  observation  of  surface  species  on  platinum 
r-bloids*-33  using  The- authors  showed  .that  the -resonance 

la _ altered  by  the  addition  of  species  to  the  solution  known  to_ 

ch:r  i'scr'r  to  the  platinum  surface.  Clearly  this  exciting 
. r;  •  rvu:  ton  -ill  open  -p  a  new  field  c:  research  on  in.- situ 


investigations  of  electrode -solution  interfaces. 
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